Vanadate elevates fetal hemoglobin in human erythroid precursors by inhibiting cell maturation.
Increased fetal hemoglobin (HbF) in erythroid precursors of patients with beta-hemoglobinopathies (sickle cell anemia and beta-thalassemia), in which adult hemoglobin synthesis is defective, ameliorates the clinical symptoms of the underlying diseases. The production of erythroid precursors depends on the action of erythropoietin (EPO), which prevents their apoptosis and stimulates their proliferation. EPO binds to its surface receptor, induces its homodimerization, and initiates a cascade of phosphorylation and dephosphorylation of a series of proteins by kinases and phosphatases, respectively. Vanadate inhibits various phosphatases, including those that are involved in the EPO pathway, thereby intensifying the signal. In this study, we investigated the effect of vanadate on the proliferation and maturation of human erythroid precursors in culture. When vanadate was added to cells derived from normal donors, cell maturation was delayed, as indicated by cell morphology, cell growth kinetics, the rate of appearance of hemoglobin-containing cells, and the expression of surface antigens (CD117, CD71, and glycophorin A). Analysis by high-performance liquid chromatography and flow cytometry of the hemoglobin profile of vanadate-treated normal cells revealed a higher proportion of HbF than was found in untreated cells. When vanadate was added to cells derived from patients with beta-thalassemia, a significant increase in HbF was observed. The results suggest that intensification of the EPO signal by vanadate results in maturation arrest and increased HbF production. Thus, inhibitors that are more specific and less toxic than vanadate may present a novel option for elevating HbF in patients with beta-hemoglobinopathies, as well as for intensifying the EPO response in other forms of anemia.